•Sexual differentiation is essential for the transmission of Plasmodium to mosquitoes and therefore, for the spread of malaria. The molecular mechanisms underlying sexual differentiation ar$ poorly understood but may be elucidated by a detailed study of the regulation of expression of sexual stage specific genes. In the present work we describe the differential expression of the gene encoding the sexual stage specific protein, Pfsl6. We have conducted a comparative analysis of pfs 16 promoter activity, RNA levels and the rate of de novo protein synthesis during development of Plasmodium falciparum. Furthermore, we have determined the pattern of expression of pfs 16 transcripts at the single cell level by in situ hybridisation. We show that the expression of pfs 16 is induced immediately following the invasion of a red blood cell in sexually committed ring stage parasites and continues throughout gametocytogenesis and in macrogametes. The expression of pfs 16 is regulated at the level of transcription initiation and modulated by a post-transcriptional process. These results demonstrate that the expression of thep f s l 6 gene is the earliest event in the sexual differentiation process of P. falciparum described to date. © 1997 Elsevier Science B.V. 
Introduction
zoite of the human malaria parasite Plasmodium falciparum. It can re-initiate the asexual multipli cation cycle from which it originated or it can differentiate into a male or female gametocyte. The gametocytes are responsible for the transmis sion of the parasite to the mosquito host and therefore, for the spread o f the disease. Little is known about the molecular events that trigger a merozoite to forgo asexual differentiation and undergo gametocytogenesis. The rate at which gametocytes appear in a P. falciparum culture is modulated by environmental factors such as the culture density [1] and several compounds, includ ing cyclic adenosine monophosphate, phorbol es ters and corticosteroids, have been reported to induce gametocytogenesis (reviewed in [2] ). How ever, the mechanism o f action of these com pounds is unknown. At the genetic level, a number of observations have indicated that gametocytogenesis is a multifactorial process in volving several chromosomal loci. For example, the failure o f cultured P. falciparum cell lines to undergo sexual differentiation has been linked to a subtelomeric deletion o f chromosome 9 [3, 4] . Conversely, in other mutants that do not produce gametocytes, chromosome 9 is still intact and rearrangements have occurred at other loci [5] . In addition, Guinet et al. [6] have recently described a P. falciparum mutant that is impaired in the production of male gametocytes and have linked the responsible mutation to chromosome 12.
Sexual differentiation is marked by the synthe sis of several parasite specific proteins. These in clude the antigens Pfsl6, Pfs25, Pfg27/25, Pfs48/45 and Pfs230, most o f which originally have been characterised as important candidates for the development of a transmission blocking vaccine (reviewed in [7] ). It is expected that a detailed study of the mechanisms underlying the stage specific expression of the genes encoding these proteins will deliver important information regarding the signals and mechanisms that trigger a merozoite to develop into a gametocyte.
Here we report on the developmentally regu lated expression of pfs 16 
2, Materials and Methods

2.Î. Parasites
Asexual ring and schizont stages of P. falci parum isolate NF54 were isolated from sorbitol synchronised cultures as described [11] . For the isolation of sexual stages, cultures producing gametocytes were treated with N-acetyl-glucosamine to eliminate asexuals [12] . After 14 days of culture parasites were pelleted, mixed with fetal calf serum and incubated for 1 h at room temper ature to allow activation of gametogenesis and the release of gametes. Subsequently, noil-activated gametocytes and macrogametes were separated by Nycodenz density gradient centrifugation [13, 14] 
In situ hybridisation
A template for .the in vitro synthesis of a /ƒ$ 16-specific antisense RNA probe was generated by two rounds of amplification by the polymerase chain reaction using the amplification protocol described in Baker et ah [17] 
Labeling and immunoprécipitation o f antigen P fsl6
Gametocytes and macrogametes purified from N-acetyl-glucosamine treated cultures were metabolically labeled with a mixture of the 35S-labeled amino acids methionine and cysteine (ICN) for 2 h as described [19] . Cells were lysed in 50 mM Tris-HCl, pH 8.0/150mM NaCl/1% Nonidet P40 supplemented with protease inhibitors (Com plete; Boehringer-Mannheim). After the nuclei and cellular debris were pelleted, the P fs l6 anti gen was precipitated from the supernatant with polyclonal antiserum K36A [10] and protein G (iStreptococcus sp. suspension; Sigma) as described [20] . Precipitated proteins were analysed by SDS-PAGE and visualised by fluorography.
Results
To study the developmental stage specific ex pression of a particular gene it generally is a prerequisite that this is performed on cells that are not contaminated by other developmental stages. In this study, therefore, we have taken extreme care in the synchronisation and subsequent purifi cation of the respective developmental stages of the parasite. Asexual parasites were isolated from sorbitol synchronised cultures and sexual stages were isolated via Nycodenz gradient centrifuga tion from N-acetyl glucosamine treated cultures. Microscopic examination confirmed that the ring stage and gametocyte preparations were more than 95% pure, i.e. consisted for more than 95% of the desired developmental stage. The schizont fraction was less pure (82% schizonts), but, as schizonts are. multinucleated cells that contain multiple merozoites, the purity of this fraction in terms of individual merozoites was also greater than 95%. The purity and quality of the macrogamete fractions was judged by staining the nuclei with Hoechst 33258 and by suspension immunofluorescence with a mixture of fluorescein isothiocyanate-conjugated monoclonal antibodies specific for antigens Pfs25 and Pfs48/45, In an unfixed parasite preparation, a reaction with these monoclonals is restricted to those parasites that are not surrounded by a red blood cell membrane and that furthermore contain these antigens at their outer surface, i.e. mature macrogametes. (Fig. 3) . pfsl6 R N A is first detected in a sub-population of young ring stage parasites ( < 24 h post infection) and there after in stage I gametocytes (Fig. 3(1) and (2), respectively) and throughout gametocytogenesis (Fig. 3(3) and (4)) in both male and female gametocytes (data not shown), pfs 16 R N A is absent in parasites that are undergoing asexual development (Fig. 3) indicated that this interpretation was not fully correct. In fact it was found that antigen P fsl6 is a component o f the parasitophorous vacuole membrane and that the occurrence of Pfs 16 in gamete preparations primarily is caused by re mains (whorls) o f the parasitophorous vacuole membrane that still are attached to the female gamete. The latter observations do not, however, exclude the possibility that (female) gametes still have retained the capacity to synthesise (and secrete?) antigen P fsl6 . An indication that this indeed might be the case is already given by the observations that macrogamete preparations con tain abundant amounts of pfs 16 specific mRNA (Fig. 2 and Fig. 5; [10] ). To obtain an unambigu ous answer to this issue, purified gametocytes and macrogametes were metabolically labeled with the amino acids methionine and cysteine. Subse quently it was tested whether among the de novo synthesised proteins antigens were present that specifically reacted with Pfs 16 specific antibodies. From the results presented in Fig. 4 it can be concluded that macrogametes are still capable of synthesising P fsl6 antigen. The levels of P fs l6 synthesis that are observed in gametocytes and macrogametes correspond well with their cognate R N A levels and do not indicate that there is a differential rate of translation of the transcript.
In order to assess whether the pfs\6 transcripts present in the macrogametes are due to on-going transcription of the pfs 16 gene or reflect an accu mulated pool of pfs 16 RNA originating from the progenitor gametocytes, we have conducted a nu clear run-on analysis. To this end, nuclei were isolated from macrogametes and gametocytes and for comparison also from asexual ring stages and schizonts^and incubated in the presence of a -32P-labeled UTP. Subsequently, the nascent radiola beled RNA was isolated and hybridised to pfs 16 and pfs25 specific D N A probes. From the data presented in Fig. 5 it can be concluded that pfs\6 The level of transcription o f the control gene pfs25, that was studied in parallel, was found to be very low in gametocytes and to peak after the onset of gametogenesis (Fig. 5) The cellular localisation o f the P fsi6 antigen has been the subject o f some dispute. From immuno-electron-miscroscopic studies Moelans et al. [10] Although pfs\ 6 proves to be the earliest ex pressed marker for sexual development known to date, the pfs 16 gene is not expressed in merozoites whilst they are still located within the schizont. This finding 'indicates, therefore, either that ex pression of the pfs 16 gene first occurs after com mitment has taken place or that commitment coincides with the expression of pfs\6 but takes place only after re-invasion of a red blood cell by a merozoite. The latter explanation favours the first model proposed by Carter and Miller. Detec tion of the presence of the pfs\6 transcript will be a valuable tool in the further evaluation o f pro cesses involved in the sexual commitment o f a merozoite. We are currently identifying the mech anisms that lead to the activation of transcription of the pfs 16 gene in an attempt to identify the signals that lead to sexual differentiation of P.
falciparum.
